Introduction
Nocardia spp. are branched, fi lamentous aerobic actinomycetes. There are about 100 described species of which approximately 40 have been associated with human disease [1 -4] . Infections caused by Nocardia spp. are rare in humans, but occur with some frequency in patients who are severely immunocompromised, e g., Cushing syndrome, diabetes mellitus, severely burned, chronic treatment using corticosteroids and other immunosuppressed. Nocardia spp. can cause an acute, subacute, chronic, or systemic infectious disease. Pulmonary involvement has been the most common clinical manifestation, followed by involvement of the central nervous system, kidneys and cutaneous or subcutaneous tissue [5] . While N. asteroides is the most common cause of systemic nocardiosis, N. brasiliensis , N. otitidiscaviarum and N. farcinica may also cause human infections [1, 2, 6] . Since the original 140/100 mmHg and chest X-ray showed pleural effusions in the pleural cavity. Ultrasonography examination of his abdomen revealed multiple, occupied lesions in his liver, the largest one was about 3.3 ϫ 2.1 cm. A pulmonary computer tomography (CT) scan and magnetic resonance imaging (MRI) revealed multiple nodular lesions in the lungs, the largest of which was 4.0 ϫ 2.8cm (Fig. 1A) . CT scan and MRI of his abdomen demonstrated the presence of multiple nodular lesions in the liver, but not in other organs such as the kidneys or spleen (Fig. 1B) . Examination of a pulmonary biopsy of one of the lesions showed massive neutrophilic infi ltration (Fig. 1C) , while a microorganism resembling Nocardia spp. was recovered in blood cultures incubated at 37 ° C (Fig. 1D) . What appeared to be similar isolates were recovered in blood cultures over the following 5 days. An HIV test was negative in the patient. The patient was initially administered empirical sulphadiazine sodium (4.8 g per day), vancomycin (2.0 g per day) and imipenema (3.0 g per day) for 15 days but the patient ' s symptoms did not improve. The treatment was changed to sulphadiazine sodium (4.8 g per day), ciprofl oxacin (0.4 g per day) and amikacin sulfate (1.6 g per day) based on the antibiotic susceptibility tests of our blood isolate. The fever disappeared and the patient ' s condition improved after 10 days treatment on the revised regimen. The patient discharged himself from hospital for economic reasons, but 7 days later, his condition deteriorated and he died due to multiple organ failure.
Isolation and identifi cation

Biochemical characteristics
Numerous pale yellow, glabrous colonies were found when the isolate recovered from blood was incubated on Sabouraud ' s dextrose agar at 37 ° C for 1 week (Fig. 1D ). Identifi cation for this isolate and two reference strains of N . concava (IFM0354 and IFM0576, deposited in the Medical Mycology Research Center, Chiba University, Chiba, Japan) were based on physiological, biochemical and chemotaxonomic characteristics [12, 13] . Biochemical and susceptibility testing results are shown in Table 1 .
Molecular analysis of the 16S rRNA gene
PCR amplifi cation of the 16S rRNA gene was performed using PCR Master Mix (Promega, Madison, WI, USA) and 3130xl sequencer (Applied Biosystems Hitachi) and deposited in the DDBJ database (data not shown). For sequence comparison, 16S rRNA gene sequences were taken from the DDBJ database and all sequence lengths were adjusted to match the length of the shortest sequence (1394bp) [1,2,11,14 -17] . The sequence homology of the 16S rRNA gene (AB427096) of our isolate was 99.4% identical with N. concava (DDBJ).
Molecular analysis of the gyrB gene
PCR amplifi cation of the gyrB gene was performed with primers gyrB-1157F (CTGCACGGYGTCGGYATCTC) and gyrB-1157R (GTGATGATCGMCTGGACYT CG). PCR involved 30 cycles at 94 ° C for 1 min, annealing at 54 ° C for 1.5 min and an extension at 72 ° C for 1.5 min, followed by a fi nal polymerization at 72 ° C for 5 min. The base sequences were deposited in the DDBJ database (data not shown). For sequence comparison, the gyr B sequences were taken from the DDBJ database, and all sequence lengths were adjusted to match the length of the shortest sequence (1123 bp) [1,2,11,15 -17] . The sequence homology of gyrB (AB427097) of our isolate was Ͼ 99% identical with N. concava (DDBJ).
Alignment and phylogenetic analysis of gyrB gene
Phylogenetic trees for the gyrB gene showed the isolate and reference strains of N. concava to be included in the same clade with high support values (Fig. 2) [18 -21] . On the basis of the phenotypic and genotypic evidence described above, the Nocardia that we isolated was identifi ed as N. concava .
Discussion
Nocardia concava has only been reported as the cause of two cases of cutaneous infections in Japan by Kageyama in 2005 . The patients were a 76-year-old female and a 69-year-old male [11] . The present case involved a systemic infection, which probably resulted from the patient ' s immunocompromised status due to the 2-year use of corticosteroids and other immunosuppressive agents. The route of infection was indeterminate because N. concava might be a common natural inhabitant of the soil or a plant saprophyte. Based on the previous reports, pulmonary nocardiosis has a high frequency of dissemination to other organs. In our case, the lungs might have been the fi rst infected organs by direct inhalation of Nocardia from contaminated soil, whereas the multiple nodular lesions of the liver revealed by CT scan and MRI might be due to the dissemination of the etiologic agent from this initial site. In this patient, CT scan and MRI of his abdomen and primers 8F (AGAGTTTGATCCTGGCTCAG) and 1542R (AAGGAGGTGATCCAGCCGCA) were designed on the basis on the sequence of Nocardia species from the DDBJ database. PCR involved 30 cycles at 94 ° C for 1 min, annealing at 58 ° C for 1.5 min and an extension at 72 ° C for 2 min, followed by a fi nal polymerization at 72 ° C for 5 min. Base sequences determined in the present study were performed by a direct sequencing using an ABI Prism Decomposition of:
Major menaquinone ND MK-8(H4 ω -cycl) ND * Data were taken from Kageyama et al. (2005) [11] and this study. ϩ , Positive; -, negative; ND, no data. * * Scored as follows. a: 3 ϩ , highly susceptible, growth inhibition at 2.5 μ g per disc; 2 ϩ , moderately susceptible, growth inhibition at 5.0 μ g per disc; -, not susceptible, no growth inhibition at 10.0 μ g per disc. b: ϩ , susceptible, growth inhibition at 30.0 μ g per disc; -, not susceptible, no growth inhibition at 30.0 μ g per disc. c: 3 ϩ , highly susceptible, growth inhibition at 5.0 μ g per disc; 1 ϩ , slightly susceptible, growth inhibition at 30.0 μ g per disc.
pulmonary system revealed multiple nodular lesions in the liver and lungs, but not in other organs such as the kidneys or spleen. CT scan or MRI of the central nervous system were not done as there was a lack of symptoms such as headache, convulsion, conscious disturbance etc. There was also no cutaneous or subcutaneous involvement. This is the fi rst isolate identifi ed to be N. concava by phenotypic and molecular analyses in China, and the isolate was assigned the accession number SUMS0474, and deposited in the Medical Mycology Research Center, Chiba University with the number IFM10912. A prolonged duration of therapy is recommended for disseminated nocardiosis with reports in the literature recommending 6 months to 1 year [5] . In this case, the patient was fi rst given imipenem empirically but it was found to be ineffective by susceptibility tests in the fi rst 15 days. Although some Nocardia spp. such as N. asteroids , N. farcinica , N. nova , etc. are susceptible to imipenem, others such as N. brasiliensis , N. otitidiscaviarum , N. concava etc. are not [22] . Therefore, clinicians should consider some infectious diseases caused by rare pathogens such as Norcadia concava to be resistant to imipenem.
Our patient received only 10 days of medication and his condition improved greatly before he left our hospital. Unfortunately he died of multiple organ failure after discharge, probably due to disseminated nocardiosis caused by N. concava which was exacerbated by his immunosuppressed condition.
Nocardia spp. can be well defi ned on the basis of chemotaxonomic, molecular genetic and numerical phenotypic methods [1 -4] . Thus, morphological characteristics play a small role in the identifi cation of the many species of Nocardia . In contrast, molecular methods based on 16S rRNA and the gyrB gene are crucial to Nocardia spp. identifi cation and have become the ' gold standard ' for the identifi cation of Nocardia isolates to the species level [11,16 -18,21,23] . 
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